We demonstrated that there were suppressive soils to bacterial wilt in tobacco fields in Japan. Two hundred sixteen soil samples from tobacco fields in Japan were screened for suppression against bacterial wilt of tobacco caused by Pseudomonas solanacearum by planting tobacco seedlings in these soils and inoculating them with P. solanacearum in a greenhouse. Disease incidence in nine soils was significantly lower than that in conducive soils. Five of these soils were sedimentary soils and four were volcanic soils. Eight of the nine soils were classified as loamy soils, the other was classified as sandy. When P. solanacearum was added to these soils, the population in the eight suppressive loamy soils decreased slightly, whereas the population in the suppressive sandy soil decreased drastically. The results indicate that suppressiveness is found in a wide variety of soils and that the suppressive soils in Japan can be divided into two groups based on the survival of the pathogen.
INTRODUCTION
Pseudomonas solanacearum is a soil-borne plant patho gen that causes serious wilting diseases in over 200 different host plants, including economically important crops, such as tobacco, potato and tomato. The disease occurs in tropical, subtropical and some temperate regions of the world1, 8) .
Bacterial wilt of tobacco in Japan occurs mainly in the southwest, recently spreading to the northeast. The disease causes economic losses in tobacco yields every year, since current control measures, which include soil fumigation and tillage, removal of infected plant matter to prevent secondary infection is of limited success.
There are a small number of reports on soils suppres sive to bacterial wilt, although there are many reports on soils suppressive to soil-borne fungal diseases. Ho et al. found suppressive soils to bacterial wilt of tomato in Taiwan6). Nesmith et al. reported that the suppressive ness of soils in North Carolina was related to a biologi cal factor10,11).
Prior to this, suppressive soils to the disease have not been examined in Japan, even though bacterial wilt has never occurred or is rare or absent in some fields in spite of consecutive cultivation. This supports the possible existence of bacterial wilt suppressive soils in Japan.
In this study, 216 soils collected from tobacco fields 
RESULTS
Primary screening of suppressive soil In the primary screening, bacterial wilt did not occur in 49 of 216 soils. In 1992, neither bacterial wilt nor soil fumigation was recorded in 17 of these 49 tobacco fields where soil samples were collected.
Secondary screening of suppressive soil to bacte rial wilt In 1993, soil was collected again from the same 17 tobacco fields. Thirteen of the 17 soils were sedimentary soils, four were volcanic soils. Eight of the 13 sedimen tary soils were classified as loamy soils, four as clay and one as sandy. Disease incidence in these soils was statis tically compared with conducive control soils. Disease incidence in four of the eight loamy soils was significantly lower than that of control CL1 (Table 1) , Table  2 . Suppressiveness to bacterial wilt in sandy soil
Disease incidence (percentage of wilted plants) was record ed 8 weeks after inoculation with P. solanacearum. Num bers followed by asterisks are significantly different from the control by Student's t-test (p=0.01). whereas disease incidence in the four clay soils was not significantly lower than that of control CC1 (data not shown). In sandy soil, disease incidence of S1 was significantly lower than that of control CS1 (Table 2) . In volcanic soil, disease incidence of all four soils was significantly lower than that of control CV1 (Table 3) . A total of nine soils was selected as suppressive to bacte rial wilt. Soil analysis The four sedimentary, loamy soils were classified as either clay loam, sandy loam, loam or sandy clay loam. Distributed in different prefectures, three of them were collected in western areas and the other in a northeast ern area. One sandy soil was sand and collected in Ishikawa Prefecture. The four volcanic soil were loam, sandy loam or clay loam and collected in the same area, Iwate Prefecture. These suppressive soils were distribut ed throughout the tobacco growing areas of Japan, except for Kyushu District (Table 4) .
Population
of P. solanacearum in suppressive and conducive soils In loamy soils belonging to sedimentary soil, the populations of the pathogen in all soils including condu cive CL1 decreased slightly by 50 days after inoculation, reaching a level of 6.0 by 100 days after inoculation. The populations in the four suppressive loamy soils were not significantly lower than that in CL1 (Fig. 1A) . In the sandy soil, the population in S1 decreased drastically, reaching a level of 2.0 by 100 days after inoculation. On the other hand, the population of the pathogen in condu cive CS1 only decreased to 5.0. The populations in Sl were significantly lower than those in CS1 by 50 and 100 days after inoculation (Fig. 1B) . In volcanic soil, patho gen populations in suppressive and conducive soils had decreased slightly by 100 days after inoculation. The populations in the four suppressive volcanic soil were not significantly lower than those in conducive CV1 (Fig.  1C) .
DISCUSSION
We selected nine soils suppressive to bacterial wilt of tobacco from 216 tobacco field soils. Suppressive soils are defined as those soils in which disease development is suppressed even though the pathogen is introduced in the presence of a susceptible host7). In this experiment, a susceptible culleptible cultivar of tobacco was transplanted to one of the nine soils and subsequently inoculated with P. solanacearum (Table 1-3) . As a result, disease incidence was significantly lower than that in conducive soil. We concluded that these nine soils fit the definition of a suppressive soil to bacterial wilt and that there were suppressive soils among tobacco fields in Japan where the disease has never occurred.
It is important that suppressive soils were screened from tobacco fields throughout Japan except Kyushu District and were classified as to soil type and texture (Table 4) . Suppressive soils reported in the United States were either sandy loam or loamy sand10,11). Neither soil type nor soil texture was reported by Ho et al.6) Of nine suppressive soils screened in this experiment, five of these were sedimentary soils and four were volcanic. These soils were further divided into five soil textures, i. e. sand, sandy loam, clay loam, sandy clay loam and loam. These soils, excluding sandy loam, had not previ ously been reported as suppressive soils. Volcanic soil is mostly distributed in tobacco fields of eastern Japan and the Kyushu District. However, only four volcanic soils collected in Iwate Prefecture proved to be suppressive to bacterial wilt. It will be interesting to compare the volcanic soil in Iwate Prefecture with that in other areas.
The suppressive soils which were screened in this experiment were divided into two types, according to pathogen multiplication in the soil. One is associated with a decrease of the pathogen, the other is not. As in many cases of suppressive soils, suppression has been associated with a decrease of the pathogen3,6,9). In the case of P. solanacearum, Ho et al. reported that five of 10 soils in which the pathogen decreased were suppres sive, although one of 10 soils in which the pathogen did not decrease was intermediately suppressive6). In con trast, we demonstrated that eight of nine suppressive soils did not cause a decrease of the pathogen, suggest ing that a high frequency of the suppressive soils in Japan are not associated with a pathogen decrease.
We may have gotten this higher ratio of suppressive soils unassociated with a decrease of the pathogen because we screened suppressive soils first by an inocula tion test in a greenhouse and then measured the survival of the pathogen in the selected soils. On the contrary, Ho et al. first screened pathogen survival in the soils fol lowed by inoculation tests for measure soil suppressive ness6). Our results indicate that the suppressiveness of soil should not be assessed only by a decline of the pathogen in the soil. Our method, therefore, is more 
